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PROCEDB ET INSTALLATION DE FORAGE ET DE CHEMISACE D'UN 
PUTTS, NOTAMMENT DUN PUTTS DE FORAGE PETROL I ER, AU 
MOYEN DB TRONCONS TUBULAIRES ABOUT ES IN1TIALEMENT 
SOUPLES, ET DURCIS IN SITU 

U prteote in vention concerne un precede pourfwctcheaiMcruniJuils, 
noCammenl un pints <fc forage pe^rolicr, an moyen d'un ensemble de Uoncoos tubulaires 

- ou prffoancs - eimilaiiet. imtSalemcal soupks, aptes a tee itpllta loagtudinatocpt 
turdle»-mc^ pour to introduitee dams U 

5 TefTet d'une pnession interne pour prendre uoe fonne cylindrique, et enfin a tet 
rigidifices ja yjfli par pdymerisation de lew pan*, rcacombcemcnt transversal d'uoe 
prtfonne repute ctantde dimension maximale sensiblement infeneurt » son diamctre 
interne k l*£ui deplie\ et ksdites pceTonnes po&stfant use portion d'extrtmite dont le 
diametre • mprts depiiemeat - est legercment superieur k cclui de la preTonne, ce qui 

10 pennet leur jonction bout-a-bout par embottemenu avee reoouvrement de laditc portioo 
d'extremitt. 

Ainsi. en recourant k ce type de preTonne. qui est costume en soi 

- notemmeat per le document WOA-94/21887 - il est possible d'obtcnir un c fa c mis a gc 
d • un diametre constant sur touteUtoagueiirdu putts. 

15 Acet egant U convtent de nppeler quavec des chemisages (ou tubeges) 

tiaditioimels ooastitues per dee tubes en meter, an est oblige" d'utiliser des troncons 
tubuUires telescopy 

des pn^einesd-iiistallilioo etd^dtationuIteneurB du pints. 

L'objcctif de I 'invention est de proposer un proce^M de forage et de 
20 chemissge du puics, k I'sade dc preTonncs du type meauonne* ci-deasus, qui puisse aire 
mis en oeuvre de maniere simple et iapide,tfaiHecouL 

Pour ceia, et cotfonnement a r invention, on commence par mettre en 
place unpconiertiottc^ 
troncon cHaat tournee vers le fans. 
25 U proc6d6aek» Tinvention compcead les Aapes sui vsntes : 

a) on fsit passer axialcment, de haut en bos, k trmvers ledit troocoo, un 
outil de forage, et oo fore au-dessous et dans le prokwgemeot dc ce troncon un troude 
forme etde prof ondew adaptees pour recevoir le troncon suivant ; 

b) on rcdns Touta de forage ; 

30 c) on introduil uae preTonne. k VMmt replied a rinteneur du pints en la 

f aisant traverser le troncon dej a en place, et on la poaationne convenablcmeat a I ' inteneur 
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du trou, sm portion d'extremite* haute venant se placer a Tinttfricur de U portion d'ex- 
tremitf elargfcdutronfon; 

d) on introduit un dmcnt fluide au food du trou. autour de U portion 
d'extteroite* basse de b preTormc ; 
5 e) no introduit un fluide sous pression. de density supencure a la density 

du dment, a l v wteheur de la preTormc afin de la deplier radialement, progresaaveineat de 
basen haul, en refoulant le dment, <galement de has en haul, autour de la preTormc, 

contre la paroi du tiuu ; 

0 tout en maintenant la preTormc sous pression interne, on en ohnrffe la 

10 paroipourUpdymenaer; 

g) k dment ayant pris, ct U preTormc ayant durri poor consumer un 
troooon tubulaire ri gide de cfaemisage, on retire axialement les outUlages ayant aervi au 
gonflage et a La polymerisation de la preTorroc, sinsi qu'i la distributiod du dment ; 

h) on rfitere roperation pour lea troncoos auivanta, jusqu'a obtenir la 
15 looanieurdepwtechemirfsouhw 

Lorsque, comme cela seta explique* plus loin, la preTorme preaente des 
reserves dc rcsine aptcs a migrer vera Texteneur pour former dea venous annulairea 
d'Aancbd^. le posiuoiinemeni de ces verroui est realise* au dfian de r Aape f d-dessu*. 

De manifa* p«micuUereiDcnt avantageuse, on utilise un outit de forage dn 
20 genre trepan, apto a occupersac^ 

premier etat d'eacombrenent minimal, Id penn^^ 

deja cn pl*ce, im iecond Cuu. d*enoorabf«nieot inteoncViiairc, pour le forage de la partic 

principale du trou et un troisieme £tat, d'enoombrement maxima!, pour le forage de la 

parte dutroudcatineearewoifUport^ 
25 Oatistmmodedeit^isato 

a la pdymensation de la preTorme, ainst qu'ilamsoibution du dment. comprend une Ifce 

adouble valve placets 

nmdedegoiuTa^anii^ 

^installation de forage et de chemiaage, qui fait egalement partie de la 
30 preMtemvcndon, served ^ 

qu'dle comprend. en tele de matt : 

- une bobine de stocknge et de reception, a Vim enroule\ de laditc 

pfeTorme ; 

- one tele surpiombant r entice du puits, aptc a pcrmettrc le guidagc et 
35 r m tioductiQ*daM^ 

du puils sinsi qu'au gonflage et a la pdyinensanondeUpieTonne: 
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. dci faobincs dc stockage a I 'itat enroulc* de tubes mtolliques elastiquc- 
racnt deTonnables aptes 1 faire descendrt ct rcmooter lesdits ootilhges dans le puiis, I 'un 
de cbs tubes coateoant uo dWc servant a I'lliroenUtion de Is preTorme en courant 
flectrique; 

5 - un generateur de courant Oectrique. 

D'autrcs caractenstiqucs et avail tages dc I 'invention apparaltront de la 
description et des detains annexes qui en represented a simple litre d'exemples non 
limitatifsun mode demise en oeuvrepctY^ 

Surcc* detains : 

\0 - les figure* 1 a 4 soot des vues scfaematiques. en coupe axiale, montrant 

let difTerentes Stapes de Topefatioo de forage de la paroede puts qui doit recevoir la 
preTonne • 

- la figure 5 est unc vue scfaemanquc d'unc prcTorroc et de rootfllage dent 
die cat sotidaire, avanl mise en place, dans le puits ; 

15 . les figures 6 et 7 sort des vues partieUes de i 'extremis basse de ia 

preTonne, destinees a illustrer le principe de la double valve dont est pourvue U tfcte 
d'outillage; 

• les figures 8 a 15 iUustrent lesoUfferenies Ai^deidseeapUcedW 
nreYorme au bout d'un troncon de)a en place ; 
20 - la figure 16 represente scfaemauquement, en coupe axiale, un poits 

cfaenW par trail troocons coaxiaux abouics ; 

- la figure 17 est unc vue schematiquc mootrant les different* matenels 
coosti tutifs de I'instaUaUon, situes en surface (tte de puiis) ; 

-les figures 18130 -a ecbclle plus petile - iUustrent k fcocdocaienient de 
25 retaliation au cours des diflcrcntes topes on c hem isagc. 

La figure 1 represente rextremitt basse d'un puits vertical en cours dc 
forage et de chemisage. Ce puits, unompftetement fore*, comport* un rhrmisage deja en 
place sous forme d'un tube cytindrique rigkJe2 presentant une portion d'extremitf basse 
20eTargie. 

30 UdiametreDdecettepartie20estleg^^ 

d de la partie prindpale 2. si bien qu'U est possible d'erabotter les uns dans les autres des 
troocons 2, avec renouvnsment des parties d'extremitl 20. 
Le trooccsi de diemisa^ 

quc20a 

35 Nous aUoos maititenant decrire de quelle maniere va €tre mis en place, a 

Taide du proceed* de rinveotion, le troocon suivant, destine a ttre about* au troncoo 2. 
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Pour cell, commc illustrt aux figures 144, on commence par forer un 
OT3U destine a reoevoir cc boncon. 

A cet elTei on utilise un outil dc forage 1. du genre trepan, qui a U 
particularity de pouvoir etre rftracte ou dilate radialcmenc, dans trois tuts d'encom- 

5 brcment <£f f ereate. 

Dans un premier tot, illustrt a la figure 1, Koutil est retract au maximum 
de idle maniere que sa plus grandc dimension transversalc autorise son libre passage a 
I 'Inteneur du tronoon 2. axialement a travers cdu-cL 
Dmoie^soaeocombrra^ 
10 De maniere connuc, rouul de forage 1 eat fix* a 1 Vxtrcmit* d'une tige 

tubulaire 10, qui parte le moteurd'enttarncmcm(nM Toutil en rotation, et 

tea organes assurant son denotement ou sa contraction radiak. 

Comme on le vena plus loin, la dge 10 est montee a r extremite* d'un tube 
mltalliquc apte a etre enroul^ sur un tambour recepteur dispose en surface, en t&e de 
15 puits. 

Duns un second *at de deploiement radial , Ulustrt a la figure 2, U parte 
ooupante 12 de Toutil possede un diamettc dc tiavaiJ tensibteraent egal aD. 

L'outUayante^deacendu axiale m en t o>na te puits^ a travera te mbage 2 
deja en place, on provoque ce deploiement radial au diametre D lorsqu'tl est arrive a 
20 riateneurteui portion elacg«m On acttoone ators Toutil en rotation, touten poursui- 
vantsa descente comme illustr* par U Heche F| * la figure 1. 

OoiealiaeatesiUforigeo^untrw 
txoncon 2, dans le f«k5ivmentdeceM^, dans le sol S. 

U profoodeur dc forage correspond a la longueur du troncoo que Too 

25 sonhaite mcttre co place. 

L'ouUl I possede des organes de coupe addiuonnels 1 1 qui peuvent etre 
deptoye* mdialement a un diametre supeneur a D, afin de pouvoir reoevoir la portion 
€iaspe du truncon a mettre en place, 

Comme illustrf I la figure 3, par remonteede Toutil sdon P 3 , on realise 
30 airai un dargisseinentdu trou 3 sur une certaine hauieur. 

A U fi guie 4 « a design^ par la reTeiena 
du trou 3, par la reference 3 1 la paroi de sa portion clargte et par la reference 32 la portion 
basse du trou, doct le diametre D est le mime que cdui de U paitie 30. 
UpreTorme 4 representee ichemaiiquemeai * ^ 
35 general que cdle dfaite en detail dans le WaA4Mai887dejadte\ 
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Neanmoics, die est depourvue dans si parte basie d'unocgaoe obturafieur 
goo/lable, du fahcu'on i afltire aim irou borgne ; de plus, U preTorme 4 possMe une 
portion d'extrtoitf basse 40 de section elargte. 

Li preTorme 4 est supportee par une tige tubulaire 5 en adcr. eoiooUUe 
5 sur un tambour de Blockage iiiue en surface, ci qui permct de la fake descendre a 
rinterieur du pulls, et de tui fourair les fluides de ciroeatation ct dc goo/lagc, aiast que 
reaergie eTectriquc poor la polymerisation de la preTorxnc, par rintermeVJiaire d'un 
topodufderaccc*dc«ent5» 

la preTorme ct te racoordsnt en partie basse de ceUe-cl a une teie de distribution 51. 
10 Ce type detiged'sciercuroulable est coorstnmentde«sne< dam kroner 

par le tenne anglais "COILED TUBING" - en sbrcge' "CT." 

Cocnmc oda est decrit dans le WO-A-94/21887 deja cite, la picTorme est 

obturfe a ses extremites name ct basse, de nunierc etancne, par des manchons arracha- 

bias et/ou deooupables en fin d*op6ratkxL 
IS La tfcte distributee* 51 potsede une double valve 52. 53. actionnabk 

selecti vement (depuU la surface), 

Conune illustt* aux figures 6 et 7, la valve 52 permct de distribuer un 

fhikfedes^ialaffeirinieneura^ 

distribuer un arocni Auide a la base de la preT onne t ar«teneurdeodle^<necbes J). 
20 Comme iQuitrc k la figure 8, la preTorme 4 - qui se trouve initxalemenia 

1 *<5*at radialement rcptie* - est descendue dans le trou 3 axialement, du haul vers 1c bas, i 
travmktrcM^dec^ienuaage2de|ienpla^ 

Bien entendu, pour que ceci soil possible, il cat necessaire que reneom- 
brement tiansveisal de la piecflne r^ 
25 de^»iee t quiconespc^ 

Lcmque U preYcfme est rep^iee sw 
"XT ou en forme d' escarp* - comme Mustr* par example aux figures 6A et 63, 
respecti vement du document WO-A-94/25655 ; lorsqu'eUc est deptiee eUe presente une 
section drcubdre. 
30 UpreToriM4 est position 

d'extremitf plus targe 40 se trouve en reganlde Telargisseaicntde puits31 ; la longueur 
du trou 3 est dfterminee pour que, dans oette position, la portion supeneure de la 
prtforme se irouve en regaid 

On precede alors a rejection d'une dose de dment liquide 6a la base de la 
35 preTorme, via la valve S3 (Heches J, figure 9). 

Le ciment est choisi pour avoir une density voisine ■> voire legerement 
superieure - dc cctle dc U bouc liquide 7 ic trouvant dans le puits. 
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L'amvec de ciment a la base de la preTorme cfaasse done cette boue ven le 

hauL 

Comme illustre* a la figure 10. on precede ensuite au gonflagc dc la 
preTcrme, en injectant ua fluidc sous pressioo a rinterieur dc cdle-cJ, via la valve 52 
5 (flechesl). 

n s'agit soil d'uo uquide introduit de rcxtcneur (depuu la tete de puits) 
par le conduit 5 dam la prtfonnc, soit d'un liqukic (can, boue ou p&role) present dans le 
puits apocope* dans la preTorme, 

Le liquide <k gonflage est avantageusemimt choia pour avoir une densit* 
10 legfcmneritsuperieurc^ I* 
gonflage va a© faite progressivemcot du Us vers le haut. com me symbolist par lea 
flectwGaU figure 10. 

A dtfaut. la progressioo du gonflage du bas vers le hautpeuUtre contrOlee 
en prt voyant, le Long del* preTonne, une serie de bagues de contention frangible*, dont 
15 le seuil de rupcure est adapt* a ce sens de progression. 

Le ti mem est par consequent refoulc egaleroent de bas en baut cootre la 
paroi du puits, coenme symbolic par la Heche H. tandis que la boue 7 se trouve cnassee 
verslehaut 

De preference lc volume de ciment periphenque n'est pas suffisant pour 
20 attelndre la partie haute deU|^^ l isftr ^ s a n s ciment dans 

U zone de joodion antra les portioos d'cxtreuiite* des deux troocons 2 et 4 (voir figure 
II). 

I>prtfenmc*laprtfcrae4 
chaud, prise en sandwich entre une pean iateneure et une peau cxtericuic elastiques. et 
25 munie, ©ote* intftkur, d'une reserve contenaat de la resinc aptc a migrer vera 1'cxteneur 
pour former des bourrelecs annulaires favorisant Tannage et r^tancWite' du tubage cootre 
la paroi du puits. 

Une preTorme de ce genre est decrite dans la demande dc brevet francais 
9408691 depoace le 7 juUlet 1994 par lademandeiesse, et dans too extension interna* 
30 tionale PCT/FR 95KW9Q2. 

Cca venous annulaires, repartis tout le long de la preTorme soot references 
9 ; de preference il est prtvu une densite* plus grande de verrous (c*est-a-dire un 
ecarteinent plus fsibteeiitre les v^^ 

snaniera a assurer une bonne etanch&t* dans U Uaison bout-a-bout des different* 
35 troocco*. 

Le chauilage et la polymensation de la preT onne soot realises une fots le 
gonflage tennis. la pressioo de gcn/lage etant maintenue a riru^ricuroe ta {atTonnc. 
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A litre iodicauf, U prcssion interne est dc rordre de 15 tin. 

Lc chaufTage de la prcTorme peut k fair* soil en introduisant un fluide 
chaud a V interior de la preTonne, sou par reaction chimiquc exothcrmique. ioi( encore * 
de pittance * par eiTet Joule, an moyen de resistances <lcctriquei (fill chaufTants) 
5 disposers dans la parol de la prtfcraeouipiowjmtfde^ 
eVctrique depuis la tHe de pui la. via la u ge - •WledTubtng w -S 

A tine iodicatif, la tempeiature oaecMaifC^UpdyiBensBtionettderonlre 
de 110a 140»C,ciladuree decette tope est deTordredetixibuithewc*. 

Loraque Is poiy meriaatioD dec venous 9 et de U paroi de preform* est 
10 terming, et que le cimcnt 6 * f sit sa prise (figure 12). on retire rouullagc 500. 50, 51 
(flecheK, figure 13). 

On tnstalle alors un ouu! de coupe (501) a rcxtremite* du tube 5, et oo 
decoupe le manchoo deUocn6t* de 1'extremitf baute de la prcTorme (pdymemee) 4* 
(figure 14), qu'on arradie ensuite. On operc de la men* maaiere pour le maocbon 
15 ir/encur. 

On obtient elon un tronoon dc cbenusage rigide 4 T qui prolonge coaxiale- 
mem le tubsge precedent 2 (voir figure 15). 

L'operation qui vieat d'etre decrite est bieo sOr rfiteree, tronoon apres 
tronooo, afin d'obieoir la profoodeur dc puits chemise* souhaitee. 
20 Dssutmnwdedereslissto 

composee a 30% de resine epoxy et * 70* de fibres de verre, ceoe tme event use 
dpsjsjeur de rordre de 14mm ; lea peaux ictcrieure et exieVicure, en caoutchouc 
syiu1siuque,<xUrespectivementu^ 

A titre mdicsiif. la portion prioctpale de la prcTorme 4 possede, a reset 
25 depW. un diametre inteneur de I 'ordre de 1 40mm el un diametre exteneur de rordre de 
184mm, tandis que la portion clargic 40 possede un diametre inteneur de rordre de 
188mm et un dismetxe exteneur do rordre dc 236mm. 

Les portions 30-32 et 31 du puito ont dea dismetresnx>yeiisdercsdrcde 
197mm et de 244,5mm, respecti ivement 
30 i^longueurdesmiTemtslronc^ 

simple titre indicatif, la longueur d*une preTorroe peut fare de rordre de 500m. 

La figure 16 represente un puits P chemise* par un ensemble de txois 
troi)fCcis2A.2Bet2Cslx)utestt 

U figure 17 represente schema 
35 qui pennetde mettre cn oeuvmkproceo^seleeir invention. 

Surcetlc figure, la t£te de puits. reTcVencec 55. estequipee d'unc itructure 
mltallique (chassis) 100 entourant la tele dc puits. 
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Cede structure 100 pone un iojtctcur 101 pourvu d'un rabot d'appui 102, 
etservantaatip|wteraa 

Ic pints ou retire* de celm-a ; die sc ttouvc a I 'aplomb dcVcctrtc du puit* 

On a design* par la reference 54 un tambour dc stockagc sur kqud est 
5 oiioulc*topi*onne;elkest^^ 

UreTerence 540de»gnc un sabot de support etdeguida^de la prffonne 
aPentreedupuitt. 

Us i*Te-rencea 56 ct 57 de^^ 
et stodge mpecavement Ice tubes ~CT." (Coiled Tubing) 560 ctS 
10 Lb tube 560 sen t supporter ct a deplacer Tooti! de forage ; le tube 5 

(commc deja<fit) serta supporter la preTorme. a amener les fluid** de gonflage et de 
dmeiiiatka 4 ta prtf ome, et a 
pcJymenauoon). 

L^cctnctaS est fouraie par un generateur etetrique 58. 
15 La reference 59 dengne unecabine de controte de Poperation. 

De manttrt dasaique, Pcntree du puits a forer est inidaJement ganrie d'un 

cuvetage 550. 

U trepan 1 est adapts a 1 'extrcmit* du tube 560, lequel est deroutt du 

tambour rtoepteor 56. stipfxrt 101 

20 (voir figure 18), 

On precede nian *u forage du trou, dc forme 4t*g6c 3, destine' a rocevoir 

le premier tronoon (figure 19). 

Apres misc cn place dc la preTorme, riraeatatioti ct mi*e an rood, et eafin 
pdyra&isatiwiin^deoe^ 
25 on retire k conduit central (50), k 

54 (vide) sur laquelk ctsu l initialemeat stocUe la preTorme (figure 20). 

U prtf orme te tiouvt abottt^ 

On deTait enauile les connexions bydraulique et electhque avec la 
preTorme, on inatalle et on acelle de maniere tranche eutour de la tete du puts un 
30 apoareillagc de security ad-boc A, ceci par une technique conven tio o n elk (figure 21). 

A Kaide de foutil de coupe 501, porta 4 par le tube 5. on decoupe lea 
manchoflS d'&anchfittl bant et baa (figure 22). 

L'&ape nrivante coosiste a forer la section suivante, pour obtenir un trou 
6ag6 3 rxotoogeant lc troncon 2 (figure 23), 
35 Ensuite, on calibre k* diamcoxs ct on verifie Paligneraent du troncon 2 ct 

du trou3. a Paide d'un mstrumeot appropric* 1000 (figure 24). 

On met en place une nouvdk preTorme (figure 25). 
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On la fait desotndie dans le puis, et cm U positioone convenaWcmentdans 
le trou 3. On la connect* au tube 5, et on precede an gonflage, k la dmeolation, eta la 
polymerisation (figure 26). 

On retire le conduit central 50. qu'on remonte et qu'on cnroulc sur le 
tambour rcctpteur 54 (fijurcs27 et 28). 

On suspend Poutilde coupe 501 au tube 5, et on le descend pour decouper 
les manchons d'extrtait* (figure 29). 

On obtient ainri deux troncom rigidesaboiilea2A,2B (figure 30). 
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1. Proofde* pour forer et chemiser un puits, notamment ua puiu de forage 
pttrolier, au rooycn d*ua assemble de troncoos tubulairw - on prcTormes - similaires. 
iraualement souples. aptes a toe reputes longitutfnalemeut sur elle*-mtaej pour toe 
introduiies dam le puits, puis a etre depliect radialement sous PcfTct d'nae prcsston 

5 imenie pour prendre une forme cyt^^ 

aaiion de leur paiot, reocombremeut transversal d'nae preTorme repliee extant de 
dUncasion mvrimaic ecasiblemcni mf ensure 4 ton dtamctre interne a l'etat deplie\ et 
lesdites preTormes (4) poeseVJaot uae portion d'extrtmi* (40) dont le diametre - eprcs 
deptiement - est tegeremeat superieur a ceiui du reste de la preTorme, ce qui permet leur 

10 jonction bout-a-bout par embottement avec recouvrement de tadite portion d'extremite" 
(40), caractense* par le fiit que, un premier troocpa (2) ayant 6Umisca place du cotf de 
Teatree du puits. aa portion d'cxtreraJ te* elargie <40) tournee vers le baa. 

a) on Tait passer axialement. de haul en baa a travers ledit troncon (2). un 
outs) de forage (1), et oo fore au-dessous et dans le prolongexnent de oe troncon (2) un 

15 trou(3)defonneetdeprofoi^ 

b) on retire ToutiJ de fonge ( 1) ; 

c) on introdnit une preTorme (4), a L'eut replied a linteneur du putts en U 
faisant traverser le tronoon (2) deja en place, et on la positions eoovenabkanent a 
rinterieur da troa (3), sa portion d'extremitf haute veaant se placer a rinterieur de la 

20 portion d'extrfmite* elargie (40) du (moon (2) ; 

d) on introdnit un ctment fluid* (6) au fond du iron (3). autour de la 
portion d'extremite* basse de la preTorme ; 

e) on iotroduit un fluide sous pression (8). de densite* superieure a la 
denstt* du ctment (6), a rinterieur de la preTorme (4) aim de la deplicr radialement. 

25 progicerivenieat debus en 

de la prcTortoe. centre Uparoidutrou (3) ; 

0 lout en maintenam la preTorme sous pression interne* on en chaufle la 
parol pourlapolymeVber ; 

g) le ctment ayant prii. et la preTorme ayant durci pour constituer un 
30 uoogoo tubulaire rigkle de cfaemisage (4*). on retire axialement lea ounllages ayant servi 

au gonflageetatepolymen^ 

h) on reitere r operation pour les troncons sirivants, jusqu'a obtenir la 
longueur de putts chemist souhaitec. 

2, Precede* adon itvendtcation 1, caractense* par le faitqu'on utilise un 
35 outil de forage ( I) du genre trepan, apce a occuper selecti vement trots emts de contraction 
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ii 

radtale, a savdr un premier ttai d'encombrement minimal, lui permectini de passer & 
I'intdrieur du uonoon (2) deja en place, un tecoad em, d'eocombrcmeot intennAiiairc, 
pour !e forage de la partie pnnctpale (30) du trou (3) et un troisifeme cut, d'encombrement 
maximal, pour le forage de la partie (31) du trou (3) d^atiii^e fecevoir U portion flargie 
5 deUprtfonne(4). 

3 . Proo6de aelon U revcndicaboo 1 ou 2, cmcUrM par Le fait que kdit 
outiHUge comprend une fete (51) 4 double valve (52. 53) ptacfe eo partie base de la 
pitfoirae (4). eta|*e a diatribe 

pn£fonnc(4)etimcimeiUflw^ 
10 4 «InstiIlatioode forage eidecaemisage, desiin6e a U mbe en ocnvre du 

precede selon rune dee revendicationt 1 k 3, cancttfsde par le fail qu'elle compceod. en 
t&edupuitt: 

• one bobine (54) de stockage et de reception, k Vim emoule, de ladiie 

preforroe(4); 

15 - une tte (101) aurplombant Teotrfe (55) du puits, apte a pennewe le 

guidage et rimroduction dans le puita de la prffonne (4) et des different* outillagea 
servant en forage du puits aiusi qu'au gonflage et k U polymerisation de la prtfocme ; 

- dee bobines (56, 57) de stockage k I'tet enroutt de tubes mdtalliques 
flaniqucmcnt deT ormables (560, 5) aptea a f ai re descendrc et rraonter lesdits oonJlmgea 

20 dana te puita. Tun (5) de ou tubes contenant un dole servant k I'aliroentation de la 
pf^fonne en counuzt fieotrique ; 

- un genftitwirde courant dectrique (59). 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 



57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 



[vertical text in left margin:] FR 2 741 907 - Al 



2796483 



PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms — that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which— after unfolding — is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WOA-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 
three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow F, in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 11 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagramrnatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
1 5 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 1 5 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxial ly extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 188 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 ( Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 
extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
5 connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

10 Two rigid, abutted sections 2 A, 2B are thus obtained (figure 30). 
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CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections — or preforms — that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which — after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4 5 ), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 
COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 





